1. Introduction
===============

Overweight and obesity in children and adolescents are the most serious public health challenges of the 21st century. This problem is global and is steadily affecting many low and middle income countries, particularly in urban settings.^\[[@R1]\]^ The global prevalence of obesity has risen at an alarming rate from 4% in 1975 to 18% in 2016, with an estimated 124 million children and adolescents affected.^\[[@R2]\]^ Obesity plays an important pathophysiological role in insulin resistance, hypertension, and dyslipidemia. Several studies have shown a high correlation between obesity and cardiovascular disease, diabetes and some cancers.^\[[@R3]\]^ This group of people is more likely to develop obesity, premature death and disability in adulthood.

Previous studies have suggested that an intensive lifestyle modification could increase weight loss, improve insulin sensitivity and reduce the risk of developing type 2 diabetes,^\[[@R4]\]^ but this single-strategy lifestyle intervention was not always effective.^\[[@R5]\]^ Metformin was an oral antihyperglycemic agent. It was proved to be effective for obesity among children and adolescents who didn't respond to simple lifestyle intervention.^\[[@R6]\]^ Many studies have confirmed that in the short term, metformin combined with standardized lifestyle intervention could reduce body weight and improve insulin sensitivity in obese children and adolescents.

Nevertheless, many investigations have focused on the effects of metformin on weight loss, but lack of attention was paid to the effects of insulin resistance, despite it was one of the outcomes for these studies. Meanwhile, different studies have different views on whether metformin could improve insulin resistance in obese children and adolescents. In such a scenario, the present meta-analysis investigated the efficacy and safety of metformin in improving insulin resistance in overweight or obese children and adolescents, to provide a scientific basis for the application of future clinical evidence.

2. Materials and methods
========================

We registered the current meta-analysis at PROSPERO (CRD42018092059). Ethical approval and patient consent were not required for this study, given that this was a meta-analysis, which utilized published data.

2.1. Data sources and search strategies
---------------------------------------

A literature search of the electronic databases of PubMed, CENTRAL, Web of science, EMBASE, CBM, Chinese National Knowledge Infrastructure (CNKI), and WanFang was carried out from their inception until March 2018. The MeSH terms were "metformin," "obes∗," "overweigh∗," "children, " "adolescents". Children in our study were defined as 3 to 12 years old and adolescents were defined as 13 to 18 years old. Overweight was defined as \>+1 Standard deviation (SD), BMI \> 25 kg/m^2^, or BMI \> 85th percentile. Obesity was defined as \> +2SD, BMI \> 30 kg/m^2^, or BMI \> 95th percentile. The reference lists of full articles were also reviewed. No limitations were placed on the treatment duration and the language of the results report. The detailed search strategy can be seen in Supplemental digital content 1.

2.2. Selection criteria and exclusion criteria
----------------------------------------------

We included the randomized controlled trials that met the following criteria:

1.  participants: trials for children and adolescents diagnosed as overweight or obesity;

2.  intervention: metformin alone combined with lifestyle changes,;

3.  comparison: placebo combined with lifestyle changes;

4.  outcomes: at least one objective data of the efficacy and safety variables we need.

Studies were excluded if they were:

1.  participants had basic diseases such as diabetes, liver dysfunction, renal insufficiency;

2.  metformin combined with other drugs as intervention, lack of lifestyle intervention;

3.  no placebo as control;

4.  no outcomes for our study.

2.3. Data extraction
--------------------

Two reviewers (WY and Z XY) independently extracted data from eligible articles with a standard form. Any discrepancies between them were resolved by consensus. Accordingly, the following data and information were included: first author, publication year, country, study design, inclusion criteria, the duration of the intervention, the participant\'s information included number, age, BMI, the dose and frequency of metformin, drop-out, related outcomes, adverse effects. We would contact the corresponding author if sufficient data of an eligible study could not be obtained from the full text.

2.4. Study quality assessment
-----------------------------

The reviewers (WY and Z XY) independently evaluated the methodological quality of the included studies according to the Cochrane risk of bias tool,^\[[@R7]\]^ including 7 domains: randomization sequence generation, allocation concealment, blinding of participants, blinding of study personnel, blinding of outcome assessors, incomplete outcome data, selective reporting, and other sources of bias. For every study, the risk of bias was classified as "high," "low," or "unclear".

2.5. Statistical analysis
-------------------------

Review Manager Version 5.3 software was applied to calculate the 95% confidence intervals (CIs) and the MD for efficacy and safety outcomes. The Stata statistical software version 11.0 software was applied to test the publication bias. Heterogeneity was evaluated using the Cochran Q test and quantified using the I^2^ statistic.^\[[@R8]\]^ I^2^ \> 50% and *P* ≤ .05^\[[@R9]\]^ showed a high heterogeneity and the random-effects model was utilized, otherwise the fixed-effects model should be applied instead. Sensitivity analysis was conducted by using the method of combined data (random or fixed effect models). The subgroup analysis was applied to explore the possible source of heterogeneity. The publication bias was assessed with the Begg and Egger test. All tests were 2 sided and *P* \< .05 was considered significant.

3. Results
==========

3.1. Search results
-------------------

A total of 734 studies were initially searched in this study. Of these, 23 full articles were shortlisted for eligibility assessment. Among the 23 articles, 5 studies were excluded for not meeting the required intervention. In these 5 studies, some of the interventions used were metformin combined with other drugs or different dietary structures, lack of lifestyle intervention, lack of placebo. Six studies were excluded because of non-interested outcomes. The results they provided included BMI, abdominal circumference, height, weight, insulin sensitivity, etc. One study was excluded because we couldn't get the full text. We contacted the corresponding author but did not respond. There were 2 experimental groups in the study of Pastor−villaescusa B, so the study was divided into 2 studies, Pastor−villaescusa B 2017 and 2 Pastor−villaescusa B 2017. Finally, 11 eligible articles were included in this study. The results can be seen in Figure [1](#F1){ref-type="fig"}.
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3.2. Study characteristics and quality assessment
-------------------------------------------------

The study characteristics are presented in Table [1](#T1){ref-type="table"} . A total of 865 participants between the ages of 4 and 18 were included. The studies were published in English between 2001 and 2017. The sample sizes ranged from 24 to 160. In addition, the daily doses of metformin ranged from 1000 mg/d to 2000 mg/d and the duration of intervention was 8 weeks to 18 months. Some participants dropped out of studies, mainly due to loss of interest, loss of contact, refusal to participate, etc. The researchers showed no difference in baseline data between the lost and remaining participants. Most studies had shown that metformin was well-tolerated, the treatment compliance was generally good. Researchers monitored the medications through regular visits, counting the remaining tablets and asking if they had forgotten to take the medicine. One of the 11 studies grouped participants according to puberty and prepuberty which showed that metformin was effective for prepubertal participants.
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Characteristics of randomized controlled trials included in the meta-analysis.
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The assessment of bias risk is shown in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}. Eight of the included studies did not provide a clear description of the detection risks. The performance and reporting risks of the included trials were low. One study was considered to have other sources of bias owing to incomplete data reporting.
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3.3. Meta-analysis
------------------

### 3.3.1. HOMA-IR

Nine studies reported changes in HOMA-IR. Figure [4](#F4){ref-type="fig"} shows the results. There was no significant heterogeneity among the studies (*P* = .20, I^2^ = 27%) and a fixed-effects model was adopted. Compared with placebo, the metformin with lifestyle intervention showed no significant difference in lowering the HOMA-IR among overweight or obese children and adolescents.

![Change of homeostasis model assessment insulin resistance index: the result of meta-analysis.](medi-98-e14249-g006){#F4}

### 3.3.2. Fasting glucose (mg/dl)

In this meta-analysis, 6 studies reported the data of fasting glucose. Random effects model was used to analyze this outcome because of the moderate heterogeneity between the 2 groups (*P* = .03, I^2^ = 58%). Subgroup analysis was performed based on the duration of intervention. Figure [5](#F5){ref-type="fig"} shows the results. When the duration of intervention was less than 6 months, there was a significant difference in reducing fasting glucose (*P* = .0009, MD =  −3.59, 95%CI: −5.70, −1.48), but there was no significant difference in duration greater than or equal to 6 months (*P* = .34, MD= .89, 95%CI: −.95, 2.74).

![Change of fasting glucose: the result of meta-analysis.](medi-98-e14249-g007){#F5}

### 3.3.3. Fasting insulin (uU/ml)

Seven studies reported the changes in fasting insulin. The results can be seen in Figure [6](#F6){ref-type="fig"}. The heterogeneity between 2 groups was low (*P* = .09, I^2^ = 43%) and the fixed effects model was used to analyze these data. Compared with placebo, metformin combined with lifestyle intervention could lower fasting insulin (*P* = .0002, MD = −2.83, 95%CI: −4.32, −1.34).

![Change of fasting insulin: the result of meta-analysis.](medi-98-e14249-g008){#F6}

### 3.3.4. HDL-C (mg/dl)

Eight studies reported the data of HDL-C. The results can be seen in Figure [7](#F7){ref-type="fig"}. The heterogeneity between the 2 groups was low (*P* = .33, I^2^ = 12%), a fixed effects model was used to analyze this data. The aggregated results showed that metformin was not associated with an improvement in HDL-C (*P* = .28, MD = .63, 95%CI = −.52, 1.79).

![Change of high-density lipoprotein cholesterol: the result of meta-analysis.](medi-98-e14249-g009){#F7}

### 3.3.5. LDL-C (mg/dl)

Six studies investigated the changes in LDL-C. The results can be seen in Figure [8](#F8){ref-type="fig"}. Fixed effects model was used to analyze these outcomes because of the low heterogeneity (*P* = .35, I^2^ = 11%). Overall, compared with the placebo with lifestyle intervention, the therapy of metformin showed difference in lowering the LDL-C (*P* = .008, MD = −4.29, 95%CI: −7.45, −1.12).

![Change of low-density lipoprotein-cholesterol: the result of meta-analysis.](medi-98-e14249-g010){#F8}

### 3.3.6. Adverse events

Ten studies reported adverse events. Six of these studies described the types of adverse events and the number of people who occurred. The most frequent adverse events were abdominal pain, diarrhea, dizziness, headache, nausea, headache, and vomiting. These studies stated that the adverse events could be solved by reducing the dose of drugs and terminating medication. Four studies briefly described the number of people with adverse events. The total number of adverse events in the experimental group was 4, while the number of adverse events in the control group was 5. The solution was usually the same as mentioned in the above study.

### 3.3.7. Sensitivity analysis

Sensitivity analysis was performed by using the method of combined data (random or fixed effect models). The results are presented in Figures [9](#F9){ref-type="fig"}--[12](#F12){ref-type="fig"}. The values of MD were close in random or fixed effect models, and the overall effects were similar except for the result of fasting insulin.

![Sensitivity analysis results of homeostasis model assessment insulin resistance index.](medi-98-e14249-g011){#F9}

![Sensitivity analysis results of fasting insulin.](medi-98-e14249-g012){#F10}
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3.4. Publication bias
---------------------

The funnel plot of HOMA-IR can be seen in Figure [13](#F13){ref-type="fig"}. The result of Begg and Egger test can be seen in Figure [14](#F14){ref-type="fig"}. The test showed a positive result (*P*~Beggtest~ = .074, *P*~Eggertest~ = .022).

![The funnel plot of homeostasis model assessment insulin resistance index.](medi-98-e14249-g015){#F13}
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4. Discussion
=============

Obesity is one of the major public health issues affecting people of all ages worldwide. The world has shifted from high rates of overweight and obesity in developed and industrialized countries to high rates of overweight and obesity in low- and middle-income countries.^\[[@R20]\]^ It is estimated that more than 340 million children and adolescents aged 5 to 19 are obese or overweight.^\[[@R2]\]^ It is well-known that overweight and obesity in children and adolescents have profound effects on both body and mind. Physical effects include hypertension, high cholesterol, metabolic syndrome, diabetes, sleep apnea, and fatty liver disease, and psychological effects include problems related to body image, self-esteem, discrimination, and depression.^\[[@R21]\]^

Combination drug therapies for obesity management are becoming more and more common in the 21st century. Medication should be used as an adjunct to treatment, especially in maintaining weight loss and treating obesity related complications.^\[[@R22]\]^ Metformin is one of the drugs used to treat overweight and obesity in children and adolescents. It can lead to a mild weight loss in obese pediatric patients through more scientifically sound research is needed.^\[[@R23]\]^ Many studies have shown that the most common side effect of metformin is the gastrointestinal reaction, which is usually mild and can be treated by adjusting the dose.^\[[@R24]\]^

The meta-analysis revealed some interesting findings. In terms of HOMA-IR and HDL-C, compared with placebo with lifestyle intervention, metformin showed no significant reduction. Metformin did not improve insulin resistance. For fasting glucose, we performed subgroup analysis based on the duration of the intervention. Metformin was effective in reducing the levels of fasting glucose when the duration was less than 6 months (*P* = .0009). Once the duration of the intervention was greater than or equal to 6 months, this effect would no longer be significant(*P* = .58), possibly due to a decrease in the number of participants, a change in treatment adherence or a decrease in the effectiveness of metformin after 6 months. Regarding fasting insulin and LDL-C, our result showed a decrease in the metformin group. The mechanism was still unclear, probably because metformin had anti-lipid oxidative effect and reduced the degree of lipid peroxidation of LDL-C. As for adverse effects, 10 studies mentioned adverse effects. Common side effects were gastrointestinal discomfort, including abdominal pain, diarrhea, nausea, vomiting.

In terms of sensitivity analysis, we used the method of combined data (random or fixed effect models) to test reliability of conclusion. For the fasting insulin, the value of MD and the overall affect were different after changing the effected model. Considering Garibay N\'s study which had two dimensions suggesting high risk bias affected the reliability of conclusion, we removed the study and analyzed it, the combined effect size changed from −2.26 (−4.67 to .15) to −2.55 (−4.85 to −.25). It could be considered that this study affected the robustness of the conclusion. Whether metformin could improve fasting insulin in overweight or obese children and adolescents needed to be confirmed by more high quality studies.

With regard to publication bias, Begg test and Egger test were performed to detect publication bias. For HOMA-IR, the results of the Begg test and the Egger test were contradictory. Begg test showed no publication bias, and Egger test had. At the same time, we also used the trim and fill method to check for publication bias. As shown in Figure [14](#F14){ref-type="fig"}. This method indicated no publication bias. The reasons for these differences might be due to the small number of studies included in the analysis.

However, the systematic review also had some limitations. First, 11 studies were included, while 3 of them had small sample sizes, the result might be overestimated. Second, the data in this meta-analysis was only from published literature, considering that some studies with negative results had not been published in time, leading to publication bias. These negative findings suggested that metformin had no effect on HOMA-IR, fasting blood glucose, fasting insulin, LDL-C, and HDL-C might affect the results of this study. The number of studies included in the meta-analysis was small, and the funnel plot used to detect the publication bias was of little significance. Last but not the least, there might be omissions in document retrieval and inclusion because of the limits of language and retrieval. The principle of random allocation, allocation concealment, and blinding were not described in detail in some of the included studies. Therefore, a larger sample size and more adequate data were needed to assess the effectiveness and safety of future treatments.

5. Conclusions
==============

This meta-analysis suggests that metformin treatment may improve the level of LDL-C. It shows no significant improvement in insulin resistance, fasting glucose, and HDL-C. In terms of fasting insulin, the sensitivity analysis suggests that the results of meta-analysis lack reliability. Whether metformin could improve fasting insulin is still inconclusive. Given the potential limitations of meta-analysis, in the future, larger samples and high-quality RCT studies are needed to confirm these conclusions.
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